To evaluate the relationship between hematological indices and iron status with the infarct size, number and location in pediatric stroke. Material and methods: The current study is an observational cross sectional study conducted in the Pediatric Neurology clinic attached to Department of Pediatrics, Dr S N Medical College, Jodhpur, Rajasthan, India. 16 (8 male and 8 female) pediatric stroke patients presenting in Pediatric Neurology clinic were included in the study. Hemoglobin (Hb) level, Hematocrit (HCT) and RBC indices (MCV, MCH and MCHC), platelet count and Iron status parameters (Serum Iron, TIBC and Serum Ferritin) of these patients were analysed. Area of diffusion restriction on MRI brain was measured as a surrogate marker of the severity of infarction and its correlation with RBC indices, platelet count and Iron status parameters was evaluated. Results: Mean age of studied population at presentation was 45.218±47.80 months. Mean Hb, HCT, MCV, MCH, MCHC and platelet count of these patients were 9.229±2.829 gm/dl, 29.531±7.002%, 73.650 ± 7.237 fL, 23.650 ± 3.709 pg, 30.393 ±3.000 g/dl, 331.667±201.472 ×10 9 /L respectively. Mean Serum Ferritin, TIBC and Serum Iron were 89.639 ±119.788 ng/ml, 286.125± 83.858 ug/dl, and 82.375± 59.452 ug/dl. No statistically signifi cant correlation was seen between any of the RBC indices, total Platelet Count and serum Iron status indicators with mean total area of diffusion restriction in the whole cohort, in the group of patients having Serum Ferritin levels <15 and >15 ng/ml. Conclusion: Despite the fact that most of the literature reports association between Iron defi ciency anemia with stroke, we did not fi nd any correlation between the various RBC indices, total Platelet count and Iron status indicators with area of diffusion restriction in patients with stroke. Further studies are recommended to study the exact contributors to patho -physiology of stroke associated with Iron defi ciency.
INTRODUCTION
Pediatric Stroke is an important cause of acute morbidity and mortality in children and can result into severe disability and sequel. This entity is being increasingly recognized due to advancements in stroke radiology and increased awareness. 1 Diagnosis and management still continues to be diffi cult because of the diversity of underlying risk factors and the absence of a uniform treatment approach. 1 The overall incidence rate of childhood stroke (both ischemic and hemorrhagic) in age group between 30 days to 18 years ranges from 1.3 to 13 per 100,000 population at risk per year. 2, 3 Several risk factors for childhood ischemic stroke have been consistently reported in large cohort studies of children with stroke. These include sickle cell disease, cardiac structural lesions, chronic systemic disease, cerebral arterial disease, coagulation disorders, head trauma, and sub acute varicella zoster infection. [4] [5] [6] [7] [8] Iron defi ciency is very common in developing countries and causes much neurologic and non-neurologic morbidity. Iron defi ciency is increasingly being linked with stroke (Arterial ischemic, Cerebral Sinus Venous Thrombosis and hemorrhagic) and several case reports and case series have suggested an association between iron-defi ciency anemia (IDA) and ischemic stroke in healthy children. [9] [10] [11] [12] [13] However, the correlations between various RBC indices and Iron defi ciency parameters with pediatric stroke have not yet been clearly established.
The current study was therefore designed as an observational cross sectional study 14 designed to answer the aforementioned queries and controversies with an objective to evaluate the relationship between hematological indices and iron status with the infarct size, number and location in pediatric stroke.
MATERIAL AND METHOD
The present study was conducted in the Pediatric Neurology clinic attached to Department of Pediatrics, Dr S N Medical College, Jodhpur, Rajasthan, India. All patients presenting with an acute onset of focal neurologic defi cit in a 6 month period were clinically evaluated by a Pediatric Neurologist. In patients having a high suspicion of Arterial Ischemic stroke a complete blood count, blood Iron status parameters including Serum Iron, Serum Total Iron binding capacity and Serum Ferritin were performed within 24 hours of hospitalization. Magnetic resonance imaging (MRI) including standard T1, T2, T2 FLAIR, gradient echo and diffusion weighted imaging was done within 48 hours of stroke. MR angiography was also included in the protocol wherever affordable and feasible. MR Angiography was done in 9 out of total 16 patients. Abnormal MRA fi nding was seen in 4 patients and rest 5 patients were having normal MRA fi nding. Out of 4 patients one patient was having complete hypoplastic left vertebral artery with moderate stenosis in M1 (horizontal) segment of left MCA and relatively attenuated left ACA. Second patient was having moderate focal stenosis in supraclenoid right ICA with mild narrowing in supraclenoid left ICA. Complete occlusion of proximal M1(horizontal) segment of left MCA about 8-9 mm distal to its origin was seen in one patient and Moya Moya angiographic pattern secondary to slowly progressive vascular disease was noted in one patient. On confi rmation of stroke, children were managed as per standard guidelines and additional investigations and work up were initiated. During the 6 months study period 16 patients were included in study which were diagnosed as having Acute ischemic stroke as per standard defi nition. 15, 16 In all these children location and territory of the stroke (Right/left and anterior/ posterior circulation and whether ACA/MCA/PCA/ Combined) was recorded. Using computer software maximum transverse and maximum anterior-posterior dimension of the diffusion restricted area (cytotoxic edema due to infarction) in axial view visible on neuroimaging was measured in mm and area of this diffusion restricted area was calculated. In case of multiple infarcts we calculated the area of individual lesions and added up the area of all the individual lesions. The aforementioned method was used to calculate the diffusion restricted area because the MRI machine at our institution does not have dedicated software to calculate area and volume. Correlation between RBC indices (Hb level, HCT, MCV, MCH, MCHC), Total Platelet count, Iron status parameters (Serum Iron, TIBC and Serum Ferritin) and area of diffusion restriction was statistically analyzed using logistic regression.
Ethics
Prior ethical approval for the study methodology was obtained from the Ethics committee of Dr S N Medical College, Jodhpur. Informed parental consent was obtained to be eligible for enrollment in the study.
OBSERVATIONS AND RESULTS
In the present study a total of 16 (mean age 45.218 ± 47.80 months) patients were included out of which 8 (mean age 48.06 ± 50.32 months) were males and 8 (Mean age 42.37 ± 48.43 months) were females. 4 males (mean age 9.125 ± 10.16 months) and 4 females (mean age 9.75 ± 2.62 months) were < 24 months and 4 males (mean age 87 ± 42 months) and 4 females (mean age 75 ± 51.26) were > 24 months in age. Laboratory data of the patients are being presented in Table 1 .
Anterior circulation was involved in 10 patients, posterior in 2 patients, both anterior and posterior in 1 patient, Bilateral anterior circulation in 1 patient, border zone areas in 1 patient and bilaterally territory not specifi c were involved in 1 patient. Single infarct, two infarcts and multiple infarcts were seen in 9 patients, 5 patients and 2 patients respectively.
No statistically signifi cant correlation was seen between Hemoglobin value, Hematocrit, MCV, MCH, MCHC and mean total area of diffusion restriction in all male children, all female children and in the whole cohort (Graph 1a-d).
Similarly no statistically signifi cant correlation was seen between Platelet count and mean total area of diffusion restriction in all male children, all female children and in the whole cohort (Graph 2).
No statistically signifi cant correlation was seen between Serum Iron levels, Serum Ferritin levels & TIBC and mean total area of diffusion restriction in all male children, all female children and in the whole cohort when age and sex were not considered (Graph 3a-d).
When children with Arterial Ischemic stroke having Ferritin levels below and above 15 ng/ml were analysed separately, no statistically signifi cant difference between the mean total area of diffusion restriction was seen between the two groups.(P value >0. 6) In children with Arterial Ischemic Stroke having Serum Ferritin levels below 15 ng/ml, no statistically signifi cant correlation was seen between Hb, Hematocrit, MCV, MCH, MCHC, Total Platelet counts, Serum Iron, Ferritin and TIBC levels with mean total area of diffusion restriction.
Similarly in children having Ferritin levels more than 15 ng/ml no correlation was seen between Hb, Hematocrit, MCV, MCH, MCHC, Total Platelet Count, Serum Iron, Ferritin and TIBC levels with mean total area of diffusion restriction.
DISCUSSION
Researchers have indicated that Arterial Ischemic Stroke has been associated with Iron defi ciency anemia. In a recent case-control study conducted by Seham et al 17 in Egypt it was concluded that IDA was present in 57.1% of stroke cases with no identifi ed cause, as compared to 26% of controls. Previously healthy children who developed stroke are 3.8 times more likely to have IDA than healthy children who do not develop stroke (OR, 3.8; 95% CI: 1.3-11.2 P=0.005). In addition, there was signifi cant interaction between IDA and thrombocytosis among studied cases (OR, 10.5; 95% CI, 1.0-152 P=0.02). There were no signifi cant differences between stroke patients with IDA and those with normal iron parameters regarding stroke subtype (P>0.05).
Majority of the studies have concluded that stroke in children with IDA may be due to three mechanisms; a hypercoagulable state directly related to iron defi ciency and/or anemia; thrombocytosis secondary to IDA; and anemic hypoxia, whereby a mismatch between oxygen supply and end-artery oxygen demand leads to ischemia and infarction. 18 It is however not clear as to what hematologic parameters and Iron status indicators contribute to the pathophysiology of stroke related to Iron defi ciency. Also no studies in the past have however studied the correlation between various RBC indices and Iron status biochemical parameters with the severity of stroke. In the current study we attempted to study this relation using MCV, MCH and MCHC as the RBC morphological indices and Serum Iron, TIBC and Serum Ferritin as Iron status biochemical indicators. Area of diffusion restriction (representing cytotoxic edema) on MRI was taken as a surrogate marker of severity of infarction.
It has been postulated that the anemic hypoxia due to low Hb is responsible for stroke. 18 In this context we attempted to study the correlation between Hb and Hematocrit with the mean total area of diffusion restriction in Pediatric 
Graph 2: Showing correlation between platelet count and diffusion restricted area of stroke in total cohort
Arterial Ischemic Stroke. No statistically significant correlation was seen between Hb and Hematocrit levels with the area of diffusion restriction at all ages and in both sexes individually. This indicates that severity of anemia does not infl uence the severity of infarction. This relationship has not been studied by other researchers and therefore it is diffi cult to postulate the exact reason for this observation. It is proposed that an alteration of RBC size, shape and hemoglobin content changes viscosity and blood fl ow dynamics leading to a hypercoagulable state resulting into higher chance of causing stroke. 10, 19 We therefore hypothesized that MCV, MCH and MCHC may have a correlation with the area of diffusion restriction because of change in blood fl ow dynamics and viscosity.
In the current study, no statistically signifi cant correlation was seen between Hemoglobin levels, MCV, MCH, MCHC and mean total area of diffusion restriction in all male children, all female children and in the whole cohort when age and sex were not considered. Even an extensive review of the literature did not reveal studies focusing on the relationship between various RBC indices including MCV, MCH and MCHC with the infarct size. Further clinical and physiologic studies in both humans and appropriate animal models with a larger cohort are proposed to evaluate the impact of RBC shape, size and hemoglobin concentration on blood viscosity, fl ow patterns and pathologic severity of infarcted area. Different platelet indices especially MPV and MPC are considered as good indices of hemostasis and thrombosis. 20, 21 In a study by Numminen et al it was observed that increased MPC will increase the chance of arterial thrombosis. 22 While O'Brien et al, 23 Butterworth et al 24 and McCabe et al 25 found no correlation between MPC and stroke. In the current study also, no statistically signifi cant correlation was seen between mean platelet count and mean total area of diffusion restriction in both genders and in the whole cohort. It is therefore possible that the increased platelet count merely predisposes to a prothrombotic state and does not have any relationship with the severity of stroke area in the brain.
In a study conducted on Mice submitted to permanent (by ligature and by in situ thromboembolic models) or transient focal ischemia (by ligature for 1 or 3 h) the effect of stroke on Serum Ferritin and the contribution of iron overload to ischemic damage was studied. Swiss mice were fed with a standard diet or with a diet supplemented with 2.5% carbonyl iron to produce iron overload. Treatment with iron diet produced an increase in the basal levels of Ferritin in all the groups. However, Serum Ferritin did not change after ischemia. Animals submitted to permanent ischemia had the same infarct volume in the groups studied. However, in mice submitted to transient ischemia followed by early (1 h) but not late reperfusion (3 h), iron overload increased ischemic damage and hemorrhagic transformation. The authors of this study concluded that Iron worsens ischemic damage induced by transient ischemia and early reperfusion and that Ferritin is a good indicator of body iron levels but not an acute phase protein after ischemia. 26 In the current study, no statistically signifi cant correlation was seen between Serum Iron levels, Serum Ferritin levels & TIBC and mean total area of diffusion restriction in both genders, in the whole cohort and also in children having Ferritin levels below 15 ng/ml and above 15 ng/ml when analysed separately. In children with Arterial Ischemic Stroke having Serum Ferritin levels below 15 ng/ml no statistically signifi cant correlation was seen between Hb, Hematocrit, MCV, MCH, MCHC, Platelet counts, Serum Iron, Ferritin and TIBC levels with mean total area of diffusion restriction. Serum Ferritin is also an acute phase reactant and therefore high serum Ferritin may be related to severity of infl ammation in stroke. However, Iron defi ciency is associated with low Ferritin levels and even on an extensive review of the literature we did not fi nd any other study on human stroke patients or in animal models which evaluated the relationship of low serum Ferritin with stroke. More studies are therefore recommended to study the exact correlation between low serum Ferritin and profi le of stroke area in the brain including its severity.
The current study therefore clearly infers that despite the fact that most of the world literature speaks about an association between Iron defi ciency and stroke; there is no correlation between various hematologic parameters and Iron status indicators with severity of stroke. We propose that since the incidence of Iron defi ciency in the population is very high, it may be a mere coincidence to see both higher frequency of Iron defi ciency in patients with stroke and there may be no contribution to the etiology or severity of stroke due to Iron defi ciency. The current study had a few limitations in the fact that we did not have facilities to perform perfusion imaging and also could not eliminate all other prothrombotic conditions which may have been present in these patients. Perfusion imaging would have defi nitely added to the knowledge of our understanding of the severity of stroke in these patients and we recommend more research using perfusion imaging to understand the relationship of stroke with various hematologic parameters and Iron status indicators. Even if other prothrombotic states existed in the patients evaluated in the current study, it can be concluded that at least the parameters studied (Hematologic indices and Iron status indicators) do not have a signifi cant correlation with severity of stroke as assessed by mean area of diffusion restriction.It is recommended that more research be conducted in this area to evaluate the exact relationship between various hematologic parameters and Iron status parameters with stroke pathogenesis and severity of stroke in order to develop specifi c and targeted preventive and management strategies.
CONCLUSION
In the current study no correlation was observed between the various RBC indices, total Platelet count and Iron status indicators with area of diffusion restriction in patients with stroke.Though most of the literature reports association between iron defi ciency anemia and stroke, it may be mere coincidence of association between pediatric stroke and iron defi ciency anemia as prevalence of iron deficiency anemia in pediatric population is very high. It is therefore highly probable that other pathophysiological determinants may be responsible for the stroke size, extent and its clinical implications in children with Iron defi ciency anemia. Further research with a larger sample size is recommended to evaluate and study the correlation between hematological parameters and stroke area in pediatric stroke.
